OBJECTIVES The aim of this study was to investigate the factors associated with the development of atrial fibrillation (AF) and to examine the impact of these factors for long-term outcome after cardiac resynchronization therapy (CRT).
P atients with atrial fibrillation (AF) derive less outcome benefit than expected from cardiac resynchronization therapy (CRT), as observed in a European CRT survey and several other studies (1, 2) . AF is the most common reason for loss of effective pacing capture (3) and is a risk factor for mortality, appropriate shocks, and inappropriate shocks (4) . Gray-scale digital cine-loops triggered to QRS complexes were acquired from apical 4-chamber, 2-chamber, and long-axis views, as well as from the mid-LV short-axis view. Three consecutive cardiac cycles were acquired during a breath-hold period at 60 to 100 frames/s and were digitally stored for off-line analysis using commercial software (EchoPAC PC SWO version 112.xx, General Electric, Horten, Norway) by researchers not involved in the clinical follow-up.
LV volumes and ejection fractions (EFs) were assessed using the modified Simpson rule. MR volume was estimated with the proximal isovelocity surface area method. Septal and lateral mitral annular velocities (E 0 , A 0 ) were obtained by pulsed-wave tissue Doppler imaging and were averaged. Diastolic function was graded as abnormal relaxation, pseudonormal, and restrictive filling patterns, as previously described (10) . LV mass quantification was performed from enddiastolic 2D images by using the area-length method. From the traced region of interest for 2D strain analysis, atrial time-strain curves were obtained from 6 regions (2 from each atrial wall and 2 from the atrial roof) in each apical view. Two regional time-strain curves from each of the following were averaged:
the interatrial septum and the lateral (apical 4-chamber), inferior (apical 2-chamber), and posterior walls (apical long axis) of the left atrium. Atrial peak strain at ventricular end-systole (Ss) and at ventricular late diastole (using the onset of P-wave) (Sa)
were measured as previously defined (12) . Thus LA EF Sade et al.
New-Onset Atrial Fibrillation After CRT PRIMARY ENDPOINT AND OUTCOME EVENTS. The primary endpoint was the development of new AF, which is limited to either paroxysmal episodes lasting more than 24 h or persistent or permanent AF according to guidelines (13) . Patients were regularly followed up every 6 months at the outpatient clinic after CRT implantation or were evaluated between scheduled visits whenever they had worsening Systolic strain (Ss) and late diastolic strain (Sa) before (A) and 6 months after (B) cardiac resynchronization therapy (CRT) in a patient without atrial fibrillation showing significant improvement.
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RESULTS
Of 112 patients, 6 did not return to any visit after discharge. We know that they were alive only by during follow-up, and 9 underwent atrioventricular node ablation to ensure an adequate ventricular pacing rate of more than 95%. In 2 patients AF occurred before 6 months of CRT. Accordingly, these patients were excluded from analyses relating to 6-month echocardiographic parameters. Baseline clinical characteristics of the patients are given in Table 1 . The percentage of atrial pacing was significantly higher in patients who developed AF.
Intraobserver and interobserver variabilities of LA Ss and LA Sa were 6.5 AE 3.8% and 8.7 AE 6.1% for Ss and 10.8 AE 7.9% and 12.1 AE 6.5% for Sa, respectively.
Echocardiographic parameters at baseline and 6 months after CRT are given in Table 2 . In addition, the changes from baseline to 6 months after CRT in LAVI, LA Ss, and LA Sa emerged as independent predictors of new AF development (Table 3) . Among these variables, LAVI, Ss, and Sa at Sade et al.
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New-Onset Atrial Fibrillation After CRT F E B R U A R Y 2 0 1 6 : 9 9 -1 1 1 6 months and the changes in these variables from baseline to 6 months after CRT had the highest accuracy to predict new-onset AF irrespective of LV volume response (Figures 3 and 4) .
New-onset AF was associated with worse outcome as a univariate predictor but not as an independent predictor in multivariate models including LAVI, LV volume, LA Ss, and LA Sa. The 5-year event-free survival rate was 75% in patients free of AF as compared with 44% in patients with new-onset AF (log rank p ¼ 0.04). However, LA Ss and Sa at 6 months and the change in LA Ss and Sa from baseline to 6 months after CRT predicted adverse events independently from new-onset AF and LA and LV volume changes (Table 4, Figure 5 ). Figure 6 summarizes the independent predictors of new-onset AF and survival after CRT.
We also examined the changes in LV volumes, EF, E/E 0 , and MR volume over time in function of AF in 71 patients who survived beyond 24 months. The development of AF was associated with gradual Table 2 .
deterioration of the beneficial effects of CRT on these variables ( Figure 7 ).
DISCUSSION
The principal findings of the current study are as Tables 2 and 3 . 
Abbreviations as in

IMPLICATIONS OF ATRIAL MECHANICAL RESERVE
AND ATRIAL FIBRILLATION ON OUTCOME. We also found that LA mechanical reserve, defined by LA Ss and Sa at 6 months and the change from baseline to 6 months, was a strong predictor not only of AF development but also of adverse events, independently from new-onset AF and LV and LA volumes.
Again in a previous study, LA EF was found to be a predictor of survival after CRT; however, the independent value from other potential confounders was not assessed (6) . LA function was also found to be a more robust marker of cardiovascular events than LA size in other patient populations (27, 28) .
The development of AF is known to exacerbate heart failure symptoms and adversely affect outcomes (29) . In accordance, we observed that the Turkey. E-mail: elifsade@baskent-ank.edu.tr. Sade et al.
